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Abstract 
Architects, engineers and contractors have been working with data for ages. What is new are the myriad ways they have to 
capture, analyze and apply the data that has been made readily available. Some practitioners and their organizations have balked 
at adding data to their repertoire, citing that they are unprepared to deal with data on top of everything else they have to contend 
with, including new technologies, work-processes and workflows. Data-centric organizations, on the other hand, have come to 
realize that capturing, engaging with, analyzing, and applying sustainability data in their projects is not “one more thing,” and 
have learned that to have the greatest impact, data cannot be added on top of an organization’s on-going practices, but rather 
integrated into their pre-existing mind-sets and processes. This paper explores firms’ approaches and relationships to data, 
determining whether organizations are data-enabled, data-informed or data driven, or a hybrid, and how their approach can have 
an enormous influence on outcomes, especially where they pertain to sustainability. Likewise, many organizations remain 
document-centric, and are missing out on opportunities and greater gains that come with becoming data-centric. Innovative tools 
and insights to make the most of the data are already readily available. What has been missing, up until now, is an understanding 
of how others – academics and industry practitioners – are innovating behind the scenes to exploit these resources to great 
impact. Big data and predictive analytics are currently being leveraged across the globe to address wicked – complex and poorly 
defined – problems endemic of design and construction in the 21st century. Innovative results in leveraging data throughout the 
building lifecycle are a result of original research for a new book, “Data Driven Design and Construction: Strategies for 
Capturing, Analyzing and Applying Building Data,” (John Wiley & Sons, 2015.) Methods of Research: Because data driven 
design impacts so many facets of the building lifecycle, the research for this paper attempted to be as inclusive as possible. Using 
practice-based research and in-depth interviews with industry and academic leaders, the author relied on many sources, including 
first-hand interviews with 40 thought leaders in industry and education in the AECO industry who work day-to-day with data; 
with firm leaders and other industry executives at companies that range in size from sole proprietorships to large multinational 
organizations. The interviewee’s responses were recorded, transcribed by the author, and condensed for publication. 
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1. Something old, something new 
While architects, engineers and contractors have been working with data for ages, what is new are the myriad ways 
they have to capture, analyse and apply the data that has been made readily available. Likewise, many data sources 
are new, and many industry players – and their titles and backgrounds – may be unfamiliar, even to those in the 
industry. What is new is the amount of data that is available to us, our capacity to measure and ability to capture, 
process, and act on that data, and, frankly, our industry’s urgent need to do so. 
 
Design professionals also face a new work environment with implications for how future professionals are educated. 
Practitioners in architecture, engineering, computer science, informatics, and those affiliated with this research, are 
currently studying methods to create new ways for gathering and broadly disseminating data – including 
sustainability data – to help improve our habitable built environment. What is the start of a trend in architecture that 
is just beginning to gain notice, one that hasn’t been formally documented until now, is how data-driven design is 
the new frontier of the convergence between BIM and architectural computational analyses and its associated tools. 
We are seeing computational design tools develop in parallel with BIM as a game-changer for changing owners’ 
perspectives in the value of model-based studies. A small number of current practitioners are utilizing it today, so 
the value of making the ROI and methodology available to students to train for as they enter the professional will 
enable practice to prosper as they enter the workforce.  
 
And yet, using data in the AECO industry is not new. The built environment has long been an abundant source of 
data. There is nothing new about data use in architecture (the use of data in architecture goes back at least to the 
Renaissance, if not earlier.) Data is something that has been shaping architecture, planning, and design for 
generations, knowingly or not. What has been the case for architects is especially true for engineers. “As engineers, 
long before all of this data talk, even before BIM was called BIM, we had 3D models with attributes,” says Jonatan 
Schumacher of Thornton Tomasetti’s CORE Studio. “Data is always informing our designs. It is hard to address 
because I don’t think of these as two different things. There is always geometry and data. The data is as important as 
the geometry is. The Petronas Towers in Kuala Lumpur, Malaysia in the early nineties were analysed in 3D. That’s a 
BIM model. It’s just that nobody had the term for it at the time. Data has always been a big part of what [structural] 
engineers do.”[1] 
2. Benefits and considerable challenges to leveraging data 
There are many benefits, but also considerable challenges, facing any design or construction professional, owner or 
facility manager, looking to incorporate data in their decision-making process.  
 
2.1. Benefits 
 
The benefits to data use are legion: Data plays a role now in every facet of practice. Data of course can be used in 
design and planning to generate form and create interesting geometry. But that’s only the beginning of what data can 
do. Data can assure your designs remain innovative and relevant. Data helps increase building performance and 
improve productivity, enhance human and operational performance, as it predicts a facility’s future performance. 
Data helps teams, firms and owners, achieve business results, whether by winning projects, or by convincing a client 
that a particular design option is superior, and can be used to reduce risk for the owner, contactor and architect. Data 
helps eliminate emotion from the decision-making process, and allows teams to make decisions with more 
confidence by proving that their initial concepts were right. It helps designers to get answers out of the information 
they are already dealing with that will ultimately validate their outcomes. Data provides objective evaluations of all 
aspects of our built environment and helps us to justify design decisions and anticipate consequences for courses of 
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action to be undertaken. Data can be a powerful resource for design and construction professionals, owners and end 
users of buildings. And yet, working with data on building projects in the AECO industry is not without its 
challenges. For example, some practitioners and their organizations have balked at adding data to their repertoire, 
citing that they are unprepared to deal with data on top of everything else they have to contend with, including new 
technologies, work-processes and workflows. As with data’s benefits, the challenges are numerous, occurring at 
each level of the project team: globally shared challenges, and specific challenges to the contractor and architect. As 
with benefits, there are challenges that impact stakeholders including to the owner, public and end-user. 
 
2.1. Globally Shared Challenges 
 
Globally shared challenges include the fact that numbers convince. And yet, achieving those numbers can be fraught 
with obstacles and hardships. “Data is convincing because it’s numeric and tangible. It’s easy data, you can’t really 
argue it,” argues Brian Skripac,  Director of Digital Practice at Astorino.[2] “You’re trying to validate a design 
strategy one way or another. In the end, you have to have numbers to do it.” The construction industry is complex, 
fragmented and rife with problems such as delays, rework, standing time, material waste, poor communication, 
conflict and being over budget, compounded by the global slowdown and the need to address sustainability 
issues.[3] The AECO professionals are challenged on two fronts: in terms of adapting new technologies and in terms 
of implementing new work processes. These two types of challenges have been identified as technical and adaptive 
(or behavioural) challenges brought about by change. Technical challenges are defined as those that can be solved 
by the knowledge of experts, and however complex or difficult, can be solved using well-honed skills applied to 
well-defined problems, whereas adaptive challenges are tangled, poorly defined, open-ended, call for a host of 
different skills and approaches that are rarely transparent, and they require new learning.[4] Working with and 
leveraging data in organizations in the building industry involves both types of challenges, and are addressed 
differently. 
 
Other global challenges include risk aversion: when it comes to working with new technologies and work processes, 
it does not bode well that the construction industry takes a wait-and-see approach; firm size: does the size of one’s 
firm pose a challenge when attempting to work with data? “It’s a potential problem for the profession in that there is 
a kind of the haves and have-nots situation developing,” says Sam Miller of LMN. “There are resources required to 
take this on. Some of the smaller firms are going to struggle.”[5]  
 
The fact that work needs to happen upfront is challenge: as with the integrated project delivery method’s early 
contributions of team knowledge and expertise, gathering, analysing and using data on a project will have the 
greatest impact, at the least expense, earlier in the process. But this work needs to be planned for, with a 
corresponding outlay of resources; as can be the need to separate the signal from the noise: it is not just the amount 
of data, but the contextualizing of the data, that makes it more valuable, and this its own set of challenges. Each 
person and project team needs to ask and determine how much data is the right amount for what they are trying to 
accomplish. Vast amounts of data can challenge computer hardware. “More data is not better data. More data just 
gets in the way,” says Sukanya Paciorek of Vornado.[6] 
 
Interoperability and cross-referencing of datasets: while there’s an abundance of data available to those in the AECO 
industry, we can only seek to benefit if the various platforms and technologies speak and play well with each other. 
Related to this is working with incompatible datasets: the AECO industry is not ready to work with unstructured 
data of massive size as other markets and sectors have purported to find some success at. Because data is not rules 
based, it enables teams to see the impacts of multiple factors simultaneously, which has its challenges, such as 
occurs when one wants to crosscheck multiple datasets.   
 
Another challenge is overcoming the fear that computers will be making decisions. The fear, in other words, that 
people think computers are going to make the decision. The fear is actually a misperception – that jobs will become 
automated and data driven computers and algorithms will be in charge. No matter how much data, or how 
sophisticated the algorithms, no matter how automated our processes and learned our machine become, humans will 
still be making the decisions. There are places in the planning process where the computer can make great gains, 
while some parts of the process that will remain in the human domain. There are people who believe that 
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architecture and construction will become a computer culture and robotic culture in the end and that there won’t be a 
place for them. A last global challenge includes data sharing and transparency: privacy and security are big concerns 
of AECO organizations, and they have good reason to be concerned.  
 
Challenges to the architect include the fact that data is too abstract for architects. Architects trust what they can see 
and touch. There’s a basic distrust of something as abstract as data, especially among non-technical architects, 
architects with design leanings, and architects who see themselves first and foremost as artists. In the face of 
increasing amounts of data, and the need to leverage data in one’s work, one might ask: hasn’t architecture already 
become abstract enough? Related to this is the fact that data can be too specific and restrictive, especially when 
using data to help create projects that are more flexible and adaptable. Another challenge is past experience: when 
working with data, one’s past experience can actually work against you. Up against the tried and true, risk-averse 
contractors and facilities personnel don’t trust the data. They prefer to move forward based on past experience. A 
related challenge to the architect is the need to validate. Along with risk-aversion comes a fear of validation, of 
having to validate a decision, whether our own or that belonging to another party. Firm culture, demographics and 
generations represent another challenge to working with data. A last challenge for the architect is that it is as if once 
the data is there, common sense just falls to the wayside.  
 
Challenges to the contractor include time- and cost-related risk. Introducing data-related technologies requires 
training, resources and time. Contractors are especially sensitive to the additional time and effort required from 
working with data on building projects, in part, because their work is judged in terms of time (meeting a schedule) 
and cost (meeting a budget.) So much so, that researchers who innovate in the construction space know if their 
efforts are to be implemented into practice, they need to build on top of existing technologies and processes, over 
and above attempting to introduce new tools and workflows that require time for training and tightly allocated 
resources. Simply gathering data can be more time consuming than one might anticipate. The time factor has to be 
considered whether considering incorporating data in decisions, from structural systems to interior finishes. 
Similarly, contractors have a perceived risk of unproven or untried processes, including those related to data. 
  
3. Not one more thing 
 
Some professionals will balk: We’re not ready – we’re unprepared – to deal with data on top of everything else we 
have going on. Or, we’re just trying to make ends meet – trying to compete for projects on threadbare budgets and 
fees. Do we really need another thing on top of everything else we have to contend with? These are all ways of 
saying the same thing: that data is one more thing. Data-centric organizations, on the other hand, have come to 
realize that capturing, engaging with, analysing, and applying sustainability data in their projects is not “one more 
thing” added onto what they are already doing. Data is integral to what they do and have been doing for some time. 
All activities that we undertake today can be transformed into data. Data is always informing our designs. The data 
is already there – they just need to know where to look to find it.  
 
That said, data gathering is not always easy, and even when it is, the process of collecting data can be tedious and 
time-consuming. This is as true when gathering data for design as it is when mining project data to help improve 
construction workflows. Tedious data gathering capacities and practices, according to Tyler Goss, inhibit teams 
from developing integrated approaches to business processes like estimating, sequencing, or facilities management. 
“Trying to mount a new data capture is typically going to fail because it’s an additional piece of work,” says Goss. 
“This is going to cross all parts of the building lifecycle, not just construction, the value proposition of a tap, a 
swipe, a click, or a data sample, or whatever it is that is takes you time. And the value is not immediately apparent to 
you.” Goss explains the consequences: “While you may do it because you understand the grander vision of the 
building lifecycle, you’re going to miss it more often than not. Which means you’re going to end up with data that is 
fuzzy, data that is inconsistent, you won’t have well-structured data if it’s not drawing off of the immediate value 
proposition of the people who are creating it.” Goss has seen this happen a number of times on projects that have 
lofty visions and complex processes. “The task of collecting productivity data falls to a field engineer who doesn’t 
understand what they are doing, with a field superintendent, and they start testing – and that data is captured in a 
qualitative way,” says Goss. “It gets very fuzzy. And gets very hard to standardize and normalize that data across a 
certain number of people. And because the data collection is tedious, arduous, and stops being done, you have 
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incomplete data, and you cannot mount anything on top of it.” The key is that data mining efforts are built on top of 
– not in addition to – existing technologies, processes and workflows. For data gathering, collection and mining to 
succeed, they have to be perceived by users as an integral part of one’s existing process, not as “one more thing.”[7] 
 
4. Integrating data into pre-existing mindsets and processes  
 
Data-centric organizations have learned that to have the greatest impact, data cannot be added on top of an 
organization’s on-going practices, but rather integrated into their pre-existing mindsets and processes. Data 
preparedness implies more than training and talent: it’s also a mindset. “They recognize [data], but are still unsure 
on how to utilize it and, more importantly, how it improves design,” says RTKL’s Clayton Starr of today’s design 
professionals. “It will require new attitudes, workflows, and expertise in a tradition that has struggles with change.” 
Starr continues: “I personally believe that many feel poorly equipped to incorporate data and associated technologies 
into their work. They are concerned about impacts of their professional practice, including cost and liability. In part, 
their interest in data will hinge on how information about ‘performance’ comes to be understood with respect to 
specific AECO roles and responsibilities.”[8] David Fano of CASE agrees. “We’ve built technology that makes it 
easier,” explains Fano. “But it’s really just a mindset. You’ll go to some firms and see some guy tucked away in the 
corner who keeps a spreadsheet with metrics of every project they’ve ever done. It’s really just a way of thinking. 
Excel is fine. A notepad would be fine. It’s more thinking of information as this resource that you can go back and 
reference. Our mindset is very much like, next project, next project, and next project.”[9]  
 
“First and foremost, this is an issue of cultural change,” explains Chris Pyke of USGBC. “I am trained as a scientist, 
and I see a world full of testable hypotheses.  I crave the data needed to provide objective evaluations of all aspects 
of our built environments. For me, every building system, design element, whole building, neighborhood, and 
community is an experiment waiting to be realized by linking intent to outcome with the appropriate data.  This is a 
common cultural mindset for scientists, much less so for AECO professionals.” Pyke continues: “Design is an 
artistic expression and uncertainty is not a challenge but an existential risk for most AECO professionals. AECO 
professionals will need to decide if data-driven decision-making is something they want to embrace. Personally, I 
think the world will ultimately require a fundamental shift in mindset, but individual professionals and institutions 
will ultimately mediate the pace of change and its impact on practice.”[10] See Figure1. 
 
 
Fig. 1. Data centricity: the human/machine spectrum. 
 
5. Data-centric approaches and practice types in the AEC industry 
 
One’s approach and relationship to data, understanding for example whether organizations are data-enabled, data-
informed or data driven, or a hybrid, can have an enormous influence on outcomes, especially where they pertain to 
sustainability. Likewise, many organizations remain document-centric, and are missing out on opportunities and 
greater gains that come with becoming data-centric. Before we can consider if there is as an ideal firm approach to 
data – whether one should strive to be a data-enabled, data-informed, data-driven practice, or perhaps somewhere 
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between – we need to define the terms. 
x Data-enabled: being aware of the data but not leveraging it.  
x Data-informed: using data as a factor in the decision-making process.  
x Data-driven: where data is your primary priority.[11] 
 
5.1. A Data Enabled Approach 
 
Some design professionals are concerned with calling themselves data-driven because the term implies to them the 
elimination or absence of the human process. Is there a sweet spot for a recommended role for data in the industry 
and where it is headed? For some, the choice between data-enabled, data-informed and data-driven, is situational. 
 
5.2. A Data Informed Approach 
 
Does a firm like SOM – a firm that regularly queries their BIM models for pertinent data – consider itself data 
driven? “I can’t characterize the whole firm one way, but certainly aspects of what we do at SOM are data-driven,” 
says Robert Yori, Senior Digital Design Manager at SOM.[12] As with the data-enabled approach, the choice is 
situational. “There is some information that is better suited to being data-driven and some that is less so.” Yori 
weighs the options, and sees the ideal approach for the industry as being data-informed, “although it is hard to 
generalize at that level. There are certain types of practice that are more data-driven.” One’s stance in the face of 
data has implications for education as well. “In school, our professors often told us that Architecture is about the 
problems you choose to solve – I would extend that and say – and how we choose to solve them. As long as you are 
aware of the ‘data factor’, and you’re understanding when it might make sense to use it in your practice, and to what 
degree, that’s key,” says Yori.[13] 
 
5.3. A Data Driven Approach 
 
At the other extreme is the data-driven approach of this paper’s title, where data is takes top priority. Of those firms 
that show a preference or inclination for being a data driven practice – NBBJ, LMN, KieranTimberlake – Aditazz 
can be considered to be in a data driven class of its own. Data driven firms go beyond the status quo and boldly 
address and work with data to their betterment – not only their own competitive advantage, and that of their clients, 
but also to deliberately take the industry further. These are firms that make use of the data, the technology and 
processes that are available to them, and allow the data to drive decisions on as much as an 80/20 basis – where 80% 
is data determined with a scant 20% remaining for intuition override. Aditazz has taken this model further, in a very 
short period of time, than just about any other firm. The question becomes whether there’s a need for more data 
driven organizations like Aditazz, and if there are, curriculum that address this extreme use of data in building 
design. 
6. Document-centric vs. data-centric practices 
Architects of course don’t produce buildings. Unless they are working direct to fabrication, they produce 
instructions, in the form of documents, for the making of buildings by others. This is an important distinction lost on 
many who have never worked with, or as, an architect. Architects have historically associated their value with the 
production of these documents – whether linen, paper, mylar, vellum or digital. As with documents, there are also 
many sources of data – sensors, BIM models, card swipes, barcode readings, and GPS to name just a few – just as 
we have seen that there are many types of data – photos, video, and paper documents among them. 
 
But what about documents? Can’t documents also be considered data? Or does everything need to become either 
digitized or datavized to become data? Perhaps the greatest leap forward in recent years has been our turn from 
being a document-centric industry to being a data-centric one. Tyler Goss of CASE discusses the movement from 
architects producing documents to architects leveraging data and the implications for practice and education: 
“There’s a fundamental shift from a document-centric to data-centric delivery methodology in our industry. With a 
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few exceptions, the schools are not preparing people for this. That said, more and more graduates leave school with 
in-depth practical knowledge of Grasshopper, a parameter-based, rules-based design process. But that shift from a 
document-centric to data-centric approach, being the one who can lead a practice into making that shift themselves, 
is going to put themselves in a position of power more quickly than they would otherwise.”[14] See Figure 2. 
 
 
 
Fig 2. AECO industry's considerable challenges to fully participating in big data. 
 
7. Big data and predictive analytics  
 
Innovative tools and insights to make the most of the data are already readily available. What has been missing, up 
until now, is an understanding of how others – academics and industry practitioners – are innovating behind the 
scenes to exploit these resources to great impact. Two areas of innovation have been in big data and predictive 
analytics. How are big data and predictive analytics being leveraged to solve the biggest problems today? Big data 
and predictive analytics are currently being leveraged across the globe to address wicked – complex and poorly 
defined – problems endemic of design and construction in the 21st century. Dashboards today not only analyse 
energy requirements, but also apply predictive analysis to office environments, to determine to what extent building 
data can predict future outcomes or behaviour. According to David L Morgareidge, Predictive Analytics Director at 
Page, predictive analytics uses discrete event simulation software and statistical analysis tools, among techniques, 
methods and processes, “to test the operational efficiency of existing or proposed facilities, applying the science of 
analytics to provide quantitative, objective, data-driven focus to the entire design process.”[15]  
 
In a virtual, digital design environment, predictive analytics identifies targeted solutions—saving clients time, space, 
resources and money. “Predictive analytics is not just a set of tools, or folks with degrees in industrial engineering, 
statistics, and finance, that get bolted on to a traditional delivery model,” explains Morgareidge. “Predictive 
analytics is instead a project design methodology that has different inputs, different schedules and task sequences, 
different types of client interaction, different deliverables, different costs, and different ROIs.” One would expect 
that teams will benefit from the rational, logical approach predictive analytics offer. But can predictive analytics 
foster a consensus-building environment for the duration of a design project? “Predictive Analytics helps to more 
rapidly build a stronger, more durable consensus among all members of the project team better than any other design 
methodology,” says Morgareidge. “It is a transparent, data-driven process that eliminates the damaging effects, 
including schedule delays and the revisiting of decisions, which are often caused by firmly held emotional and 
subjective opinions.” It is just this level of certainty that predictive analytics enables that explains its appeal and 
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Morgareidge’s career-long dedication to the process. “I want to be able to say to each and every client that within 
their unique set of spatial, temporal and financial constraints, I have found the optimal solution that delivers all of 
the organization’s stipulated performance benchmarks and fulfills every aspect of their program in the most cost-
effective and least disruptive manner possible. Working toward that goal is the only professional objective I’ve ever 
had.”[16]  
 
“Predictive analytics and simulation technology allows us to scenario plan. It is a low cost, low risk, and very rapid 
way to ‘exhaust the solution space’ and test hundreds or even thousands of alternatives until you find the optimal 
one that fits within the financial, spatial, and temporal constraints of the client while still achieving their operational 
and financial performance objectives.  Every industry makes forecasts and the firms that stay in business revise them 
often and are thorough in their study of risks and mitigation strategies.  That is what predictive analytics helps our 
client do.” Predicts Morgareidge: “I wouldn’t just say that the future looks good for Predictive Analytics. I’d say the 
future is Predictive Analytics. Period. It is the core enabler of the two major trends in the AEC industry today.” [17] 
 
Note: Unless otherwise indicated, all quotes in this paper are a result of original research for a new book, “Data 
Driven Design and Construction: 25 Strategies for Capturing, Analysing and Applying Building Data,” John Wiley 
& Sons, to be published in 2015. Quoted text throughout the paper is from interviews with the author that took place 
in 2014. 
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